In this work, the applicability of Free Length and Collision Factor theories to predict multicomponent isentropic compressibilities is analyzed and compared. To this end, appropriate expansions for ternary mixtures were derived from the original works, and then applied to a mixture containing dislike compounds in terms of functional molecular groups. Excess molar volumes from open literature and new experimental ultrasonic velocities of the mixture acetone+methanol+n-hexane were used to compute the corresponding isentropic compressibilities. A good accuracy was obtained when ternary prediction is attempted in this partially soluble mixture at different temperatures by the Collision Factor theory. These results show the versatility of this model for estimation studies in complex multicomponent mixtures enclosing phase splitting.
Introduction
In the last few years, nonintrusive automatic ultrasonic techniques has been used for a wide range of applications such as related physico-chemical magnitudes estimation, phase equilibria boundaries studies, critical micelles concentration analysis and mixtures compositions calculation. Although the amount of disposable ultrasonic data has increased in recent years, in what is referred to complex mixtures, the scarce of information is still important, thus the use of mathematical models is essential for both theoretical studies and industrial technology. Into open literature, different methods are available with varying degrees of success (semi empirical mixing rules, associative equilibrium models, equations of state with mixing rules, or statistical mechanical theories) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] although in a whole part, such studies and predictions are related to binary mixtures. Usually, large deviations for predictions of ultrasonic properties are observed when biochemical, polar or selfassociative molecules are involved in multicomponent or partial miscible mixtures, due to the considerable non-ideal behaviour and special aggregation into these complex systems, indeed these facts pose significant challenges. Clearly, for mixtures with complex molecular interactions and/or association phenomena among components, simple mixing rules for ultrasonic velocity cannot be expected to give high precision agreement with experimental data, even when the calculations are supported by experimental data for pure components. Models which predict both association phenomena and complex molecular interactions by means internal parameters are therefore required.
In order to analyze this term, in this work, we present new measurements as a function of temperature of ultrasonic velocity for the ternary mixture acetone+methanol+n-hexane, different acoustic parameters being derived from these new data as intermolecular free length, collision factor, specific acoustic impedance, or compressibility solvation numbers, due to their importance in terms of theoretical models and understanding internal cohesion into liquid environment. An attempt was made to analyse as Free Length and Collision Factor theories work in prediction of ternary systems where complex interactions exist, as that studied here, as well as the effect of temperature in their estimation capability.
Experimental
Merck Lichrosolv quality was employed for all chemicals in the preparation of samples. The pure components were stored in inert argon atmosphere (N-55, weaker than 3 ppm in water), degassed with ultrasound technique and stored over molecular sieves type 4a or 3a, 1/16 inch (Aldrich cat. nº 20,860-4 or 20,858-2, respectively) to remove trace amounts of water. The ultrasonic velocity measured experimentally for each component was compared with literature values in Table 1 [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Precautions were taken, such as cooling chemicals to reduce vapour pressure, before the samples preparation. Vapour space was limited to a minimum into the vessels to avoid preferential evaporation which would lead to composition errors. GLC tests of the solvents showed higher purities than those found in technical specifications supplied by Merck. Their mole fraction purities were better than 0.995 for n-hexane and 0.998 for the other chemicals. A PolyScience controller bath model 9510, ensuring a temperature stability of ± 10 -2 K was used to thermostat the samples. The samples were prepared by mass using a Mettler AE-240 balance with a precision of ± 10 -4 g, which made the maximum error in mole fraction determination to be 10 -4 . The ultrasonic velocity of the mixtures and pure chemicals were measured with an Anton Paar DSA-48 device with a precision of ±1 ms -1 . Calibration of the employed device was performed periodically, using a double fluid reference (Millipore quality water and ambient air). Accuracy in the calculation of changes of isentropic compressibilities was evaluated to be better than 1 TPa -1 . The immiscibility region was estimated by tie lines correlation, the liquid-liquid study being enclosed in an earlier work [31] . Table 1 shows the experimental data, literature data and other relevant information of the studied pure compounds. 
Data correlation
The ultrasonic velocity, isentropic compressibility, as well as, the fitting parameters corresponding to the binary mixtures enclosed into the studied ternary mixture were gathered in earlier papers [32] [33] [34] . Changes of isentropic compressibility for the ternary mixture at the studied temperatures, as shown in Table 2 , were computed applying the following equation:
where Q stands for the isentropic compressibility of the mixture and Qi is the isentropic compressibility of pure chemicals at the same temperature, xi is the molar fraction and N the number of components. The relation between ultrasonic velocity and isentropic compressibility is defined by the Newton-Laplace equation. The necessary data of density of the ternary mixture were taken from literature [35] . The changes of isentropic compressibilities were fitted to a Redlich-Kister type expression for every binary mixture, in accordance to:
where Qij stands for the binary derived magnitude, Ap are the fitting parameters, and M is the degree of the polynomial, established applying the F-test. The Ap parameters were computed using a non-linear optimization algorithm, each point weighting equally.
The ternary derived magnitudes were fitted to Eq. 3: 
Figures 1a, b, and c show curves of constant ternary changes of isentropic compressibilities by application of Eqs. 3 and 4, for the three studied temperatures. In Table 3 , the fitting parameters corresponding to these equations are enclosed. The root mean square deviations gathered were computed using the Eq. 5. In this equation, z is the value of the derived property, and nDAT is the number of experimental data: Figures 2a, b, and c show curves of constant ternary contribution to the changes of isentropic compressibilities (Qter) in accordance to the Eq. 4, for the studied temperatures.
Derived properties 4.1 Acoustic parameters
We have attempted to explain the physico-chemical behaviour of the studied ternary mixture, in order to explore the strength and nature of the interactions between the components by deriving various thermodynamic parameters from the new collection of ultrasonic velocity and open literature density data. The parameters derived from the experimental measured data were intermolecular free length (Lf), the van der Waals' constant (b), molecular radious (r), geometrical volume (B), molar surface area (Y), available volume (Va), volume at absolute zero (V0), molar sound velocity (Ra), collision factor (S), and specific acoustic impedance (Z), attending to the following set of equations: 6.186 10
where u is a constant taken as 1600 ms -1 , K is a temperature polynomial dependent parameter expressed as , where xi stands for the same meaning as indicated above. This procedure is a simple way to visualise in a 2 dimension diagram, ternary plots, the lowest values of z corresponding to pseudobinary compositions and the largest values of the abscise value (z magnitude) corresponding to equimolar compositions (the centre of the Gibbs composition triangle). As observed, excess free length increases from seudobinary region towards bulk ternary compositions which is coincident with the expansive trend of this mixture, as previously reported [35] . Specific acoustic impedance is a measure of the opposition that a mixture presents to the acoustic flow resulting of an acoustic pressure applied to the system, thus is a quantity which depends on the molecular packing of the mixture. The negative values of excess specific acoustic impedance are in accordance with the presence of weak interactions between the components into mixture, as previously commented. The tendency of the excess specific acoustic impedance should be explained in a similar way, a progressive diminution of this excess magnitude is observed towards more complex mixture (higher values of z and then, far away of pseudobinary conditions) which reflects weaker interactions than those observed close to the binary compositions. 
Compressibility solvation numbers
Despite solvation numbers of covalent molecules into aqueous solution are key parameters necessary when discussing intermolecular interactions or interfacial phenomena, these data are extremely scarce and dispersed into open literature. If the search for these data was related to other solvent than water, the situation is still worse. Solvation numbers are based on isentropic compressibilities, a parameter easily derived from acoustic measurements, as previously commented. The connexion between compressibility solvation numbers and isentropic compressibility is almost intuitive, solvation process involves a strong force field around solute molecule, acting as pressure, being clear that compressibility decreases with pressure due to decreasing intermolecular distances produces a progressive rising in terms of intermolecular forces of repulsion.
The compressibility solvation numbers are calculated using the following equation, attending to usual expressions [34] : (16) where nsolvent and nsolute are the mol number of solvent and solute into a binary mixture, respectively. The equation used for computing compressibility solvation numbers assumes that the solvation layer around the corresponding solute molecule is incompressible, which is not the case. Despite this, it provides an acceptable approximation of the extent of interaction of the solute with solvent. These parameters are derived from isentropic compressibility measurements and therefore, account for the first two layers of solvent around the solute. For example, Figures 4a and 4b show the evolution of the compressibility solvation numbers for the binary mixtures acetone+n-hexane as a function of temperature (278.15 K, 288.15 K and 298. 15 K) and the enclosed mixtures into ternary system, acetone+methanol, acetone+n-hexane and methanol+n-hexane at 298.15 K, respectively. As observed, only a slight effect is produced by variation of temperature at the studied range ( Figure  4a ). The binary systems acetone+n-hexane and methanol+n-hexane show negative compressibility solvation numbers (Figure 4b ). When the temperature is increased from 278.15 to 298.15 K, there is a corresponding decrease in the ultrasonic velocity and then, an increment of entropy of the system, the strongest values of solvation numbers being observed for low temperatures. The negative solvation numbers reflect strong interactions; this effect could be ascribed to longer lifetimes hydrogen bonds or polar interactions.
Ultrasonic velocity modelling
In this case, consideration was given to the Jacobson (Free Length Theory) [16] and Schaffs-Nutsch-kuhnkies (Collision Factor Theory) [17] [18] [19] methods to estimate the isentropic compressibility for the ternary mixture. The Free Length Theory (FLT) estimates the isentropic compressibility of a mixture attending to the free displacement of molecules (Lf) as a main function of temperature (Eq. 17).
The Collision Factor theory (CFT) is dependent on the collision factors among molecules as a function of temperature into pure solvent or mixture (Eq. 18). The pertinent relations in these calculations and its theoretical basis were described at the literature cited. The collision factors (S) and the characteristic molecular volumes (B) of the pure solvents used in the CFT calculations were estimated by using the experimental ultrasonic velocities, enclosed in this paper, and the corresponding molar volumes from open literature [35] . These values could be also evaluated by means a group contribution method, when no experimental ones are disposable [37] . In Table 4 , the models' parameters are gathered. The application of Collision Factor theory (CFT) presents lower deviation values when predicting the isentropic compressibilities in the ternary mixture ( Figure 5) . These values are closer to those experimental at the neighbouring of binaries (low z values). These figures show the excess magnitude as a function of
, where xi is the molar fraction, as previously explained. These estimations by CFT are accuracy with mean deviations better than 5 %, as could be observed in Table 5 . The FLT over predicts values of isentropic compressibility and this fact is increased with temperature ( Figure 6 ). Errors higher than 10 % are encountered for 
Results and Discussion
In this work, we present new measurements of ultrasonic velocity for the ternary mixture acetone+methanol+n-hexane. Attending to the complex interaction and the temperature dependence of phase splitting, this partially miscible mixture was selected to test the ability of different models to predict multicomponent isentropic compressibilities.
As it could be expected, attending to the molecular structure of solvents into this mixture, three different trends could be observed: a hydrogen bond interaction domains acetone+methanol mixture yielding to negative values (negative deviation from ideality) of the derived property into the corresponding binary mixture and neighbouring ternary compositions (see right side of Figure 1) . A phase splitting occurs in methanol+n-hexane mixtures when neither methanol nor n-hexane is the most abundant component. The acetone+n-hexane mixture shows expansive trend with a maximum of derived property located at equimolar composition, due to the disruption of the polar interaction among ketone molecules by the inert diluent. This behaviour is extrapolated to near ternary compositions such predominant interaction being attenuated by the rising composition of the third solvent. The auto associative behaviour of methanol is the cause of contractive tendency with acetone (slight polar carbonyl group) and partial immiscibility with n-hexane (inert aliphatic molecule). Acetone and n-hexane mixtures show high expansive trend but the polar difference is weak enough for phase splitting at ambient temperature, although liquid-liquid equilibria has been experimentally determined at lower conditions [38] .
Attending to this trend, it is not surprising to observe a symmetric attenuation forwards diluted ternary compositions (Figure 1) .
The mathematical structure of Eq. 3 leads to analyze the ternary contribution Qter (simultaneous interactions among all compounds into mixture) in terms of Eq. 4, in what is referred to shape and sign (Figures 2a, b and c) .
This contribution shows two pointing out questions: firstly, the considerable contribution to the derived property by ternary molecular interactions, although its a decreasing factor for higher temperatures (from 30% to 10% of the total value); second, the approximately equimolecular maximum in ternary contribution with only negative values for the highest studied temperature at rich n-hexane composition (see left side of Figure 2c ).
Such trend is normal due to the evolution of the physical property as a function of molar fraction. The rupture of alcohol+ketone structure when the aliphatic hydrocarbon is introduced is reflected in the isentropic compressibility by a strong and continuous decreasing trend. The solvation layer around the n-hexane is dissolved faster as temperature rises which may also be true for the whole set of aliphatic linear hydrocarbons. A global aweakening of intermolecular interactions is observed which could be used to account for the isentropic compressibilities. n-Hexane is a non-polar linear aliphatic molecule and only van der Waals interactions occur while H-bond or polar interactions are observed into methanol or acetone environment. In methanol+n-hexane mixtures, the alcohol molecules associate forming clusters into apolar medium. Molecular association is an important factor for observed deviations of theoretical models, it is not taken into account in these procedures and they are inadequate for a properly description of the mixing process of complex systems.
An attempt was made to analyse as Free Length and Collision Factor theories work in prediction of this ternary system where complex interactions exist, as well as the effect of temperature.
The Collision Factor theory considers that the elastic nature of the molecules enclosed into mixture is responsible for the molecular interaction, while the Free Length theory assumes that molecules are rigid with no interaction and the later hypothesis is not valid in the present mixture. The predictive abilities of these ultrasonic theories depend upon the strength of the interactions prevailing throughout the composition space in this ternary system. These theories generally fail to predict accurately the sonic trend where strong effects as Hbonds or polar interactions exist, but attending to the obtained deviations for both methods, CFT shows better agreement than the other procedure at the studied temperatures.
Both models are, at least, of qualitative accuracy to predict ternary values of isentropic compressibility ( Figures 5 and 6) , showing CFT a lower deviation for the whole composition range. Deviations yielded for the estimated ternary magnitude also show dependence with the temperature (Table 5) , and can be considered as a satisfactory result for this model, supporting its validity as predictive tool, having in mind the high non-ideality of the tested ternary mixture, where both associative and phase splitting phenomenon occurs.
Conclusions
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